Objective: The Japan Public Health Center-based prospective Study examined the association of body mass index (BMI) and weight change with incident stroke in Japanese individuals, for whom BMI levels are generally low. Methods: We used initial data from 1990 to 1994 and 5-year follow-up surveys from 1995 to 1999. We calculated weight change over a 5-year period for 32 847 men and 38 875 women, aged 45-74 years, with no history of cardiovascular disease or cancer. Subjects were followed from the 1995-1999 survey to the end of 2005, and hazard ratios of self-reported BMI levels and weight change for incident stroke were estimated using Cox's proportional hazard models adjusted for potential confounders. Results: During the follow-up period (median 7.9 years) there were 2019 incident strokes, including subtypes. Multivariableadjusted hazard ratios for all stroke events by BMI levels of 27.0-29.9 and X30 kg m -2 versus 23.0-24.9 kg m -2 were 1.09 (95% confidence interval 0.88, 1.36) and 1.25 (0.86, 1.84) in men (P for trend ¼ 0.22), and 1.29 (1.01, 1.65) and 2.16 (1.60, 2.93) in women (P for trend o0.001), respectively. A weight change of X10% in the previous 5 years was associated with total strokes and ischemic strokes in women. Conclusion: Higher BMI levels and a weight gain of X10% over 5 years were associated with an increased risk of stroke in women, whereas this association was weak in men.
Introduction
Several prospective studies in the United States and Europe have found that elevated body mass index (BMI) or waist circumference was strongly associated with incident stroke, [1] [2] [3] [4] [5] [6] especially ischemic stroke. Although it was assumed that obesity and the presence of adipose tissue had a key role in the development of atherosclerosis, 7 the strength of this effect might be influenced by differences in the average BMI between ethnic groups, and there was little information regarding Asian populations with a low average BMI. 8, 9 Furthermore, the effects of obesity and weight changes on incident stroke should be taken into account. 5 However, there are few studies in which incident strokes have been analyzed in combination with weight changes among Asian populations. 10 It is unclear whether smoking or common diseases such as diabetes mellitus can confound the association between body weight, ill health and mortality, 11 because smokers or those with serious medical conditions are likely to have a lower body weight and a higher risk for serious diseases. Moreover, the proportions of the subtypes of stroke in Asian populations are different from those among Caucasians. For example, hemorrhagic stroke and the lacunar infarction stroke, with which hypertension is closely associated regardless of obesity, are common types in Japan, 12, 13 whereas large-artery occlusive infarctions are more frequent in Western countries. Therefore, to better understand the associations of BMI and weight change with incident stroke, we conducted a large prospective study that included 71 722 men and women across Japan over a median follow-up period of 7.9 years.
Materials and methods

Study population
The subjects included 32 847 men and 38 875 women, 45-74 years of age, who took part in the Japan Public Health Center-based prospective (JPHC) Study. Our subjects were required to have no history of ischemic heart disease, stroke or cancer, and to be available to provide information on their heights and weights.
The JPHC Study initially included a population of 116 672 people, aged 40-69 years, from 9 public health centers across Japan, and consisted of cohorts I and II beginning in 1990 and 1993, respectively. A self-administered questionnaire was distributed to all cohort I and II subjects in 1990 and 1993-1994 . A total of 95 373 (82%) returned their questionnaire and 94 197 respondents were available for contact. This left 90 879 individuals who had no history of the diseases mentioned above and were available to participate in our study. In 1995 and 1998-1999, a 5-year follow-up survey was conducted, to which 75 602 men and women replied (83%). Of this group, we ultimately analyzed 71 722 individuals. This study was approved by the ethical committee of the National Cancer Center.
Measurements
We used the follow-up surveys in 1995 (cohort I) and 1998-1999 (cohort II) as the baseline for the present study. BMI (kg m -2 ) was calculated using self-reported height and body weight. Weight change was defined as the difference between data from 1990 to 1994 and from 1995 to 1999 over a 5-year period and was classified into the following five categories:
10 loss X10%; loss 3-10%; stable (change o3%); gain 3-10%; and gain X10%. Covariates, including medical history, smoking habit (non-smoker, ex-smoker, o20 cigarettes per day and X20 cigarettes per day), alcohol consumption (g per week) and sports and physical exercise (X1 day per week, other), were determined using a self-administered questionnaire. Use of medications for hypertension or diabetes mellitus (yes/no) was identified by the question, 'Have the following conditions been treated by physicians?' with hypertension, diabetes mellitus and hyperlipidemia offered as potential responses. The amount of alcohol consumed per week was evaluated by measuring the weekly frequency and type of alcoholic beverage consumed (beer, sake, whiskey, shochu and wine).
Confirmation of stroke events
To measure the rate of stroke occurrence in communities, medical records were reviewed by registered hospital physicians or public health center physicians who were not provided access to the lifestyle data. Incident strokes were validated based on the National Survey of Stroke criteria, 14 which requires a constellation of neurological deficits that present rapidly and persist for at least 24 h (or until death). For each subtype of stroke, that is, subarachnoid hemorrhage, intracerebral hemorrhage and ischemic stroke, a definite diagnosis was established based on the examination of data from computer tomographic scans, magnetic resonance images or autopsy.
To complete the surveillance for incidents of fatal stroke, we conducted a systematic search for death certificates. For all fatal strokes (International Classification of Diseases, ninth revision, 430-438, and tenth revision, I60-69) listed on a death certificate but that had not been registered, medical workers, public health center physicians or research physician-epidemiologists reviewed medical records at the registered hospitals. When no medical records were available, we diagnosed these fatal strokes as probable strokes.
Changes in residence status were identified through the residential registry in each area. Subjects who moved from their original residential areas (2% of the total participants) were treated as censored at that time. Sex-specific hazard ratios and 95% confidence intervals (CIs) were calculated using Cox's proportional hazard models after adjusting for age (continuous); smoking status (non-smoker, o20 and X20 cigarettes per day); alcohol intake (continuous); sports and physical exercise (X1 day per week, other); medications or past history of hypertension or diabetes (yes/no), and stratified by JPHC community. When analyzing the effects of weight change, baseline BMI values were added into the multivariable model. A test for linear trends was also performed using BMI (continuous) adjusted for the same covariates. Statistical significance was assumed at Po0.05. All statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC, USA).
Statistical analysis
Results
During a median 7.9 years of follow-up time, we documented 2019 incident strokes (1181 men and 838 women) from combined cohorts I and II, including 616 intracerebral hemorrhage, 251 subarachnoid hemorrhage and 1143 ischemic strokes. Table 1 shows population characteristics by BMI level and P-values for differences. Baseline BMI levels were strongly related to weight change in both men and women. People BMI, weight change and risk of stroke and stroke subtypes I Saito et al with weight loss were likely to have lower BMI levels and those with weight gain were likely to be overweight. Smoking rates were high among individuals with lower BMI levels. Amount of alcohol consumption (men only), physical exercise levels and any treatment for hypertension, diabetes or hyperlipidemia were positively associated with BMI level. Table 2 gives multivariable hazard ratios for incident stroke and its subtypes according to BMI levels and weight change over 5 years in comparison with a BMI range of 23.0-24.9 kg m -2 and stable weight (o3%) as the reference group.
In men, the hazard ratios for total stroke and stroke subtypes were not statistically significant. Men with a weight loss of X10% were at higher risk of ischemic stroke compared with Weight change was computed from difference of self-reported weights over a 5-year period.
BMI, weight change and risk of stroke and stroke subtypes I Saito et al Furthermore, women with a weight gain of X10% were also at a higher risk of total and ischemic strokes after adjustment for confounders. Table 3 shows the associations between BMI level and total incident strokes by smoking habit in men and women (only never-smokers). Men who had never smoked had a slightly increased risk of total stroke events (P for trend ¼ 0.013) after adjustment for confounders. Men who were current smokers were at an increased risk of stroke regardless of BMI, whereas the BMI of women who had never smoked showed a linear association with total incident stroke.
Those with common diseases had increased hazard ratios regardless of BMI level (Table 4) . A U-shaped association was found in women using medications for hypertension, hyperlipidemia or diabetes mellitus, whereas a positive association was observed in women not taking such medications. BMI was not associated with the overall risk of stroke, regardless of the presence or absence of common diseases.
We also examined the association between BMI levels categorized into five groups and incident stroke according to weight change category: loss X3%, stable (change o3%) and gain X3% (Table 5 ). For women, increased BMI levels were associated with an increased risk of stroke except among those who lost weight in the previous 5 years.
Discussion
In a long-term and large prospective study, we found a strong linear association for women between BMI level and incident stroke. Women whose BMI was X27 kg m -2 were at an increased risk of incident stroke. BMI was not a good predictor of incident stroke for men in our cohort. Weight loss in the previous 5 years was associated with an increased risk of ischemic stroke in men, and weight gain was associated with an increased risk of total and ischemic stroke events in women. There was a U-shaped association between BMI and total stroke events among women who took medications for hypertension, hyperlipidemia or diabetes mellitus, whereas there was a linear association for women who were not taking these medications. This large prospective study confirmed that health indicators such as BMI and weight change (loss or gain) are significant predictive indicators for stroke, primarily in women.
Although it is well known that obesity and weight gain considerably elevate the risk of cardiovascular disease in Caucasians, 15 there are limited epidemiological data on these Weight change was computed from difference of self-reported weights over a 5-year period.
BMI, weight change and risk of stroke and stroke subtypes I Saito et al risks in Asian populations, especially regarding the effect of weight change on incident stroke. Korean and Chinese studies suggested positive associations between BMI and incidence of ischemic stroke 8 and stroke mortality, 9 similar to those in Caucasian populations. Interestingly, many Japanese cohort studies have reported an increased risk of fatal strokes among individuals with low body weight rather than overweight individuals. The multivariable-adjusted hazard ratios for stroke mortality of subjects with BMIs of o18.5 kg m -2 were 1.7 (1.07, 2.63) for both men and women in the Miyako study, 16 . The Ohsaki study also found an increased risk of mortality among individuals, men and women combined, with obesity. 17 In this study, BMI was not associated with the risk of stroke in men. A recent research study in Japan also concluded that increased waist circumference levels were associated with BMI, weight change and risk of stroke and stroke subtypes I Saito et al incident stroke only in women, not in men. 19 One possible reason is that men who smoke (46.9% of all subjects) tended to have a lower body weight and a higher risk of stroke, which confounded the association between overweight or obesity and incident stroke. Instead of obesity, hypertension was strongly related to incident stroke in men in this cohort (data not shown). On the basis of studies of pathology in Japanese populations, it has been found that atherosclerosis is less developed among Japanese men with metabolic abnormalities; on the other hand, it is strongly affected by elevated blood pressure combined with low blood cholesterol conditions. 12, 13 This helps to explain the large difference in stroke frequency between Japanese and Caucasians. Furthermore, obesity is more strongly correlated with elevated high-sensitivity C-reactive protein levels in women than in men. 20 Therefore, we hypothesize that metabolic changes related to obesity are more likely to affect the risk of stroke in women than in men. Besides BMI factors, weight gain in the previous 5 years was associated with an increased risk of total and ischemic stroke events in women. However, the association with weight loss was attenuated when smoking status and concurrent medication for hypertension or diabetes mellitus were considered, as shown in model 2 (Table 2) . Recently, the JPHC study reported that individuals who have lost weight since age 20 were at an increased risk of overall mortality; on the other hand, the association of weight gain with overall mortality was quite weak for both men and women. 21 The JPHC study has the advantage of a large sample size and assesses the effects of numerous variables and health practices in identifying incident stroke in communities. However, several limitations should be noted. First, we calculated BMIs according to self-reported weight and height values. Regression analysis was performed to validate self-reported BMI in a subgroup in which both reported BMI (BMI r ) and measured BMI (BMI m ) data were obtained for 16 161 men and 28 561 women. Reported BMI was highly correlated with measured BMI, with regression models of BMI m ¼ 0.94 Â BMI r þ 1.39 (R 2 ¼ 0.82) in men and BMI m ¼ 0.96 Â BMI r þ 0.96 (R 2 ¼ 0.84) in women. Although the two slopes were significantly different, the actual differences in BMI m and BMI r between men and women were small. Furthermore, when we classified continuous BMI values into categories, the reported and measured BMI categories were almost the same for both men (k ¼ 0.76) and women (k ¼ 0.77). Given this analysis, the difference in the results between men and women is unlikely to be due to misclassification of self-reported BMI. Second, the covariates in our study might not be sufficient, because major risk factors such as blood pressure, lipid profiles and blood glucose were not measured directly, and only taken from an assessment of a self-reported questionnaire. Third, we did not identify people with intentional weight loss during the period. Hence, the reason for weight change was not evident in this study.
In conclusion, women who had a BMI value of X27 kg m -2 or gained X10% in weight in the previous 5 years showed a significantly elevated risk of incident stroke; on the contrary, an influence of obesity or weight gain was not observed in men.
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